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Experimental Study of Sutureless Micro-Vascular Anastomosis 
Using Nd-Y AG Laser Combined with 
a Water-Soluble PV A Splint 
K、0."i!JJIMA 
Department of Nじurosurgery,Faculty of Medicine, Kyoto l1niversit1・ 
(Director: Prof. Dr. HARUHIKO K1 k打 、HI)
As a preliminary experiment, :¥<l-VAG Ja:;cr beam of varying energy was projected on the cut 
slit edge of a rat common carotid nrtery (CCA) dissected out. The optimal laser energy for a 
satisfactory fusion of the cut slit wa<. found to be 20 watts in power and 100 msec in duration. 
ト.；uturel引只 endto-end ana,tomosis of rat ( 'C、Awas then carried out in vivo, '¥d-Y:¥G laser 
under optimal energy being used thereby. An intrn luminal-intervascular splint made of water 
soluble polyvinyl alcohol (PV A）、 whichdissolved and disappeared within a few minutes after 
re「irculation,was used for precise “intima”to-intima＇’coaptation of the vessel ends. :¥ eith灯
、t川’ suturenor glue wa、requiredduring the procedure. 
The patency rate of the amtomosed ve日間ls、24 hours after the l山 ersurger）・町W川 as high aメ
92～. The vessels were confirmed to be likewise pけtenton the 7th and 30th postoperative day. 
Complications, for example, pseudoaneurysm formation and/or stenotic change. were negligible. 
The fusion of the muscle白lavぞrand collagen fibers of the media at the anastomosed site was hi,;to-
logically proved to be excellent. And the rじ叫titof tensile 'trength te討tindic1ted that the laser 
礼n礼怜tOJ
after the operation. 
Temperature at the anastomotic、iteduring the l出 erirradiation wa' measured and possible 
mechanism of va自rnlarwelding by the laser beam conjectured. 
The major advantages of our Ja,er technique combined with a ］＇＼＇人 splint，日uchas rapiditv, 
consistc寸1cy，五rmfu,ion and no r<.・sidual foreign bodv (thread or adhe,ive). are di行cussed.
Key l'ords: CcrC'bra.J i,.-h《・mia,Cerebral rcva•、川ilarization, '¥ d ・ ＼＇九（； laser, ~utureless micro・va町ularanastomosis, 
Water・solu blじ polyvinylalcohol ( P¥'A) ,pJint. 
索引語 ：脳虚血，脳血行再建，Nd・YAGレーザー．無縫合微小血管吻合，水溶性ボリヒザニJレ・アルコール製スプリ
ント．
Present addrc叫 Departmentof ：可t白ur《’、
Japan. 


























溶性 polyvinylalcohol (P¥' AJスプリントを用いた無
縫合微小血管吻合法を開発したので報告する．
照射条件の設定













ーザー装置は，:VIBB.f土製で，波長は 1.06 μm, quartz 
凸berを通したビームE」径は 0.2mm，出力は 10wats 
¥WJから 80Wの間，照射時間は 10msecsから 990
msecの範囲で連続的lと変化可能なものであった．
初めに，レーザー出力を 10W から 60Wの聞で
10¥Y きさみに6段階に変化させ，その夫々の出力下
で照射時間を 10msecから 100msec, 200 msec，・1
900 m町 c,990 msecと11段階iζ変えて， Nd-YAGレー
ザーを，前述のラッ ト CCA上のス リ・γ トに照射し




W 及び 30W の2種類の場合に， 照射時間を 100
msec, 150 msec, 200 msecの3段階に変化させて， 離
断したラット L、L、Aの融合を試み，同様の検索を行っ
た．








そして，出力 20Wで照射時間 150msec及び 200
msec の場合には， レー ザー照射部位の部分的な炭化
が認められた．また，出力30Wで照射時間100msec, 
Table I. O: optimal energy for micro-vascular nna-
stoロiosis・：carbonizationand ・or vaporization 
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Fig. I即A. L<>11ピitudinalsection of the laser-irrad-
1.1t1・d rat common carotid artery t<'('Ai. 
(with the 1・ner日， of 10¥¥' 990msec), 
shows no remarkable tissue change ex-
cept for mild expansion of the adven-






Fig. 1-B.λII the layers of the rat ( （λ， irradiated 
by :-,; d百人（， laser140¥VxlOOmsec), are 
討et・nto be vaporized in its entir川う
1!-I.E. stain，×40) 

















~ － .~. -  '' ，，． ,_ 
一・‘叫



































Fig. 1 D. :¥ ote di solution of the media, partial 
carbonization of the adventilia and intact 
intirna of the rat CC入、 irradiatedby Nd-


























Fi邑.2. Water-soluble intraluminal-intervascular po・
lyvinyl alcohol (PVAJ splint 
A: View of actual model (inner diameter: 
0.4-0.5 mm, outer diameter: 0.8-1.0 mm, 
length: 7-10 mm). 






















Fig. 3-A. Coronal sections of the rat br乱instained 
with 1 % triphenyl tetrazolium chloride 
(fTC) in the dark at 38'C for 45 minutes. 
Upper one which is immediately after 
cutting off from the medulla appears 
dark red, middle one 3 hours later, 
pink indicating ischemia and lower one 
24 hours later, white indicating necrosis. 




















Fig. 3-B. Th巴 threesect.ions in the left column 
are made from one and the same r川
underwent CCJ¥ anastomosis ¥'ith a l'Vλ 
splint and the other three in the right 
column are from the contrast one with-
out anastomosis. All the six sections 
appear uniformlv d.1rl、日cl. Neither is-
chemic nor necrotic lesion attnl》utable







体重約 300gのウィス ター 系ラヴトをペントノミノレビ
タール 6.5 mg/100 gの腹腔内投与法で麻酔した．ラ
ソトを仰臥位［三固定し，頚部に正中部線状皮フ切開を
加えた．次いで，手術用顕微鏡 （＼・ddM 690）下に，











































して 10-0モノフィラメン ト・ ナイロン糸口針にて縫
合したラッ トぐCAを用いた． 引張強度は‘ I吻合部を
含む約 2cmの長さのl吻合血管を切除し，両端を測定





Fig. 4. Practice of sutureless micro-vascular anastomosis using Nd斗 A<;l:t><'L 
A: Adjusting the distance of the clips for approximation of the vascular edges. 
B: Insertion of the water-soluble PY A splint through the opening of the vessel end 
into the vascular lumen. 
C: Exact “intima-to-intima”coaptation of the cut endメいrrows).
No stay suture is required. 
D: Nd-YAG laser beaming onto the anastomotic site. 
(energy: 20W×100 msec, 49 shots in average) 
E: Anastomosed site, soon after irradiation （川ro1")・ l':1rti日lcarboni日 tionof the ad-
ventitia and clots on the vascular surface arc seen. 
F Well patent rat CCA, a few minutes after recirculation. Arrows indicate the ana-


































Result of Sutureless Anastomosis 
Using Nd-YAG Laser 
Patent 
at 24 hr. 33 I 36 92 % 
Fig. 5. Rat CC A, 内1c・ month after l込町ranasto-
mosis. The anastomosed site (open arro川）
is hardly distinguishable. No complication 
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The vessel wal anastomosed shows e又－
cellent fusion of the muscle layer and 
collagen fibers and intact intima (Arrows 
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at 1 wk. 
・＇’. , . 
100% ＇ .： ：：~·－ ·： ·~·.：ナ
Patent 
414 at 1 mon. 
Fig. 6-B. Elastic fibers an・ fused as well (Arrows 
100 % point to the anastomotic site）・
(I-LE. stain, X 100) 
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Fig. 6-C. Vessel wal, one week after the laser 
anastomosis. ¥Velding and wound heal-
ing seem to be satisfactory and few cel 
infiltration is visible. Apparent disar-
rangement of muscular nuclei due to 
laser iradiation isobserved (Arrows art’ 




ど認めず，吻合部はすでに治癒していた （Fig.6 C). 















Comparison of Tensile Strength 
between Laser Anastomosis and Suture 
Laser Anastomosis Suture 
(Sutureless) 
Soo”after More than 110 g 
anastomosis (n=3) 
1 wk. after More than 110 g 
anastomosis ( n = 5 ) 
72±1 g 
( n= 5 ) 
90± B g 















74. 7±12.6°C (n=lO, m=49）であった （Fig.7). 
Temperature of A『1astomoticSite during 
Nd-YAG Laser Irradiation 
50 
。
I I I 
6.0 I 71.1 I 79.3 I .《
関7 75.2 74.4 ~ 
Fig. 7. 
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(mus仇 collagen& ela“ic仙 ers
of the ti』『、ica『官司edia
-"'1'仲仲ド＿ Heat effect ( 60～90。C)of U 制 YAGla鈍 rbeam 
Transient and reversible disso-
lution of the protein of the 
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(fusion) 
anastomotic site in the minute 
adjacency 
il! Cooling with room air and/or saline 







































































1960年， Maiman仰が“Stimulatedoptical radiation 
in ruby lasers，，と題する論文を発表したのが，レーザ
（ーLightAmpli品cationby Stimulated Emission of 
Radiation）の歴史の幕開けである．その后，医用 レー











































































本論文の要旨lま， 8thInternational Sv111posium on 
:'vi inosurgial Anastomoses I川（‘げebralIschemia 
¥Florence），第45回日本脳神経外科学会総会（東京）及
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